Background: Identification of living individual or dead is a challenging task for forensic experts and physical anthropologists worldwide. At the same time, prediction of stature is one of the key parameters in the identity of victims of mass disasters or fatal assaults, especially in incomplete or isolated extremities, mutilated human remains, and highly decomposed bodies. Purpose: The aim of the current study was to assess the correlation between some upper limb measurements and personal stature and to set regression equations for stature estimation in an adult Egyptian population. Subjects and Methods: To construct the equations; nine anthropometric measurements were recorded for 500 healthy adult Egyptian Arab volunteers comprising 250 males and 250 females with ages ranging from 25 to 40 years, the stature, arm length, forearm length, hand length, hand breadth, and four fingers (index, middle, ring, and little fingers) lengths were measured. Results: A significant positive correlation between stature and all measurements were observed in both sexes. Regression models are constructed to estimate stature on the basis of all measurements for males and females. The accuracy of the regression equations was verified by comparing the estimated stature with the actual measured stature. Conclusion: This study provides new forensic standards for stature estimation from the upper limb measurements of the adult Egyptian population.
INTRODUCTION
Identification of living or dead one is the main goal of forensic investigations [1] . It is required in recently dead persons, decomposing, mutilated bodies, and fragmentary remains [2] . In such situation, estimation if stature becomes equally important along with other parameters as age, sex, and race in personal identity [3] . This process can narrow down the pool of victims needing to be matched, allowing for more definitive markers, such as DNA, to be later used for the confirmation of final identifications [4] .
When the bodies are dismembered or mutilated in wars, mass disasters, and crimes; a practical alternative is to develop new standards that utilize different parts of the skeleton, e.g., the sternum [5] , metacarpal bones [6] , calcaneus bone [7] , and maximum skull length [8] . Furthermore, many previous studies have shown the correlation of stature with body appendages [9] [10] [11] . Others have tried to estimate the stature using different body parts as lower limb [12] , arm span [13] , feet [14] , and hand dimensions [15] . It is well established that there are inter-racial and inter-geographical differences in measurements and their correlation with stature. Therefore, a formula for one population does not necessarily yield reliable results for another due to inherent population variations that may be attributed to genetic and environmental factors as climate, nutrition, and lifestyle. Therefore, regression formula for stature estimation should be population-specific [16, 17] .
The two basic methods of estimating living stature from long bones and body parts are the anatomical method and the mathematical method. The anatomical method is considered to provide the best approximation of stature, but its main drawbacks are that it requires a complete skeleton [18, 19] . In contrast, the main advantage of the mathematical method is that it requires a single bone or body part, but its predictive ability is less accurate because of wide variability in population body proportions. Within the mathematical method, regression analysis is considered to be a better and more reliable tool than multiplication factor analysis [20, 21] .
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In circumstances where only mutilated arm and/or forearm portions are available for a deceased person, it becomes quite challenging to formulate the proper and adequate regression models. Hence, this study was done to assess the relationship between personal stature and some upper limb measurements among a group of living adult Egyptian males and females and to develop predictive equations to estimate stature of an individual from some upper limb measurements.
SUBJECTS AND METHODS
This study was conducted on 500 healthy adult Arab Egyptian volunteers, comprising 250 males and 250 females, from the companions of cases referred to Radiological Department, Benha University Hospitals, Benha Faculty of Medicine, Egypt. The volunteers were recruited from Benha city, Qalyubia Governorate, Egypt, and surrounding vicinities. The ages of the subjects ranged from 25 to 40 years. The lower age limit was 25 years to be sure of complete development and attaining maximum growth and maturity, as previous studies have stated that although stature at 18-year-old is generally accepted as being adult level stature, the median age for attaining full stature in males is 21.2-year-old, with growth continuing in 10% of males until they are 23.5-year-old [22] while the upper limit is taken as 40 years since growth regression starts thereafter [23] .
Left-handed subjects were excluded from the study to avoid any variation on two sides caused by limb dominance. Therefore, right-handed subjects were included in the study. The subjects with any disease, injury, fracture, physical deformity, amputation, or history of any surgical procedures of the upper limb were excluded from the study. Informed consents were obtained from each individual. The data collection was conducted at fixed time, between 9:00 am and 11:00 am, to avoid the influence of diurnal variation as it affects the standards generated and equations developed for the estimation of stature [24] .
Measurement from both sides were obtained from randomly selected 10 males and 10 females and tested for a significant difference. No statistical significant difference was observed between both sides. Therefore, all measurements were obtained from the left side in all cases. The measurements were done by the same observer and with the same instrument, to avoid any technical and/or inter-observer error. The current study was done according to standard ethics drawn by the Benha University ethical committee for human experimentation. Using standard anthropometric instruments and techniques, the following anthropometric measurements were measured:
• Stature: Height of the subject was measured in standing position. The subject was instructed to stand barefooted on the board of a standard standiometer with both feet in close contact with each other, trunk braced along the vertical board, and the head adjusted in Frankfurt plane (the lateral palpebral commissure and the upper border of the external auditory meatus). The measurement was taken in centimeters, by bringing the horizontal sliding bar to the vertex [25] .
• Arm length (AL): Was measured as the distance between the acromion (the most lateral point on the end of the acromial process of the shoulder blade) to the most distal point on the capitulum of humerus. This is done by holding the forearm at right angles to the upper arm, when the capitulum of the humerus can be palpated very easily [25] .
• Forearm length (FL): Was measured as the direct distance between the most proximal point of the olecranon process and the styloid process while the elbow was flexed to 90 degrees and the fingers were extended in the direction of the long axis of the forearm [26] . 
Statistical Analysis
Before data collection, assessment of precision and reliability of the stature and upper limb measurement were done in accordance with the study of Ahmed [4] , where the stature and upper limb dimensions of ten subjects were measured on three different evaluation days, with two days between the remeasurements. The absolute technical error of measurement (TEM) was initially calculated using the following equation.
TEM =
Where D represents the difference between each two successive measurements, and N represents the number of individuals. Then, the relative technical error of measurement (rTEM) was calculated from each two successive sets of measurements by dividing the TEM for a given variable by the grand mean of that variable and multiplying the result by 100. In addition to these measurements, the coefficient of reliability was calculated. The intra-observer measurement error and reliability were calculated to be within the acceptable standards for all measurements (coefficient of reliability > 0.9 and rTEM < 5%).
The data were computed and analyzed using SPSS (Statistical Package for Social Sciences, version 16) computer software. Data were presented as means, standard deviations, and ranges to summarize the anthropometric measurements. An independent Student's t-test was used to test the differences between males and females for all variables. Pearson correlation coefficients were calculated to measure the strength of correlation between
Prediction of stature based on upper limb measurements stature and the upper limb measurements. Sex-specific simple and multiple linear regression equations for stature estimation were developed using the upper limb measurements.
Simple linear regression equations for estimation of stature were formed for each of the measured parameter as: Y (stature) = a (constant) + b (regression coefficient of the independent variable) X (individual variable) ± SEE (standard error of the estimate). The multiple regression models were derived as Y (stature) = a (constant) + b1 (regression coefficient of the first variable) X1 (first variable) + b2 (regression coefficient of the second variable) X2 (second variable) + --bn (regression coefficient for the nth variables) Xn (nth variable) ± SEE. A paired-samples t-test was used to compare the differences between the actual and estimated means using different equations. A P < 0.05 was considered significant. The accuracy of these equations was validated by determination coefficients (r 2 for bivariate analysis and R 2 for multivariate analysis) and standard error of estimate (SEE).
RESULTS

Descriptive statistics
The total of 500 healthy adult Egyptian Arab volunteers (250 males and 250 females) were studied for estimation of stature by upper limb measurements, i.e. arm length (AL), forearm length (FL), hand length (HL), hand breadth (HB), different left upper limb measurements among Egyptian population. Among males, it is observed that the highest value of r is exhibited by the arm length (AL) (0.844), whereas for the index finger, the r value is the least, (0.309). At the same time, the arm length (AL) exhibits the overall highest value of correlation (r = 0.801) with stature while ring finger length (RFL) exhibits the least correlation (r = 0.383) with stature in females. All measurements presented statistically significant correlation coefficients with stature. Thus, stature is positively and significantly related to various upper limb measurements. Tables 3 and 4 depict the simple linear regression equations for estimation of stature from left upper limb measurements for males and females, respectively, in the Egyptian population. Regression equations have been computed separately, for both sexes and for each measurement of the upper limb. The tables also exhibit standard error of estimate (SEE) and determination coefficient (r 2 for bivariate analysis and R 2 for multivariate analysis). The standard error of estimate predicts the deviation of estimated stature from the actual stature and a low value indicates greater reliability and higher accuracy in the estimated stature. In males, arm length (AL) provides the best estimate of stature as it exhibits the overall highest value of correlation Table 2 displays the correlation coefficient values (r) of 
Simple Linear Regression
Multiple Regression Analysis
Multiple regression equations were formulated for males and females [ Table 5 ]. The multiple regression equations revealed a lower standard error of estimate for males (± 2.39) and for females (± 2.45) as compared with the developed estimate models utilizing different variables for males and females except that of arm length which is (± 2.24) for males and (± 2.30) for females.
Comparison between Actual and Estimated Stature
Comparisons of the actual stature and the estimated stature from the upper limb measurements were performed utilizing simple and multiple regression equations [ Tables 6 and 7] . In both sexes, the mean value estimates were close to the actual stature, and there were no statistically significant differences between them when utilizing different equations. 
DISCUSSION
Estimation of stature is one of the important parameter in medico-legal and forensic examinations when highly decomposed and mutilated dead bodies with fragmentary remains are brought for postmortem examination. In this situation, it becomes difficult to identify the deceased [3] ; hence, there is a need to more studies on the estimation of stature from various body parts in different population groups [20] . Wilson et al. [28] stated that it is essential for stature estimation to use not only equations based on forensic statures but also equations based on modern samples. Therefore, this study was designed to investigate the relationship between some upper limb measurements and stature in Egyptian population and to develop predictive equations to estimate stature of an individual from some upper limb measurements. Eight left upper limb measurements and stature of adult Egyptian population volunteers were taken; the prediction of stature was derived through simple linear regression and multiple regression analysis for males and females separately. The results of the present study demonstrated that the stature and recorded upper limb measurements of males are significantly larger than those of females (P < 0.001). These results agree with the results of other studies that have observed the same findings in different populations [4, 15, [29] [30] [31] . This finding can be attributed to the fact that males are genetically taller than females, and the puberty occurs in females approximately 2 years earlier than in males, and the earlier fusion of the epiphysis results in less time for its growth. In addition, it is known that there is a relation between Y chromosome and stature [11, 32] .
The recorded upper arm lengths in adult Egyptian population in the current study were longer than Sudanese [4] and shorter than those of the studied Iranian [30] , but closer to those of Bulgarians subjects [33] for males and females. At the same time, the forearm lengths were greater than those of Turkish subjects [34] and Iranian subjects [30] and close to those of studied Sudanese subjects [4] . Furthermore, the hand length and breadth of Egyptian subjects in the current study were found to be longer than those of Sudanese [4] , West Australian [31] , Turkish [34] , Iranian [30] , Mauritian [15] , and Rajput Indian population [10] .
When lengths of index, middle and ring fingers in the left hand in this work were compared to other studies, it was found that their lengths were close to those of the West Australian subjects [31] but longer than the Iranian populations. On the other hand, the length of the little finger in the present work was shorter than the Iranian population [30] . Table 6 : Actual stature versus stature estimated from coefficient for upper arm length [34] , and Sudanese males had with stature in both sexes in this study. This is in agreement In the current study, the correlation coefficient between the stature and the upper limb measurements was found to be highly significant and positively correlated, indicating that it is possible to develop regression equations for the estimation of stature from various upper limb measurements. The correlation coefficient in this work was greatest between stature and arm length (r = 0.844 for males; r = 0.801 for females), which indicates that the upper arm length is a good predictor for stature in both sexes. It was greater than that reported for Sudanese [4] , Iranian [30] , and Turkish subjects [34] .
The present study revealed that males having higher correlation coefficients for upper arm length, forearm length, hand breadth, and middle finger length than females. On the other hand, females having higher correlation coefficients for hand length, index, ring, and little finger length than males. On the contrary to these findings, the Turkish females had a higher correlation a statistically significant relationship in both genders between finger lengths and stature and concluded that the middle finger will give the exact height of the individual among all fingers.
On the other hand, Krishan et al. [36] estimated stature from index and ring finger length in a North Indian population and observed that stature can be estimated from these finger lengths with a reasonable accuracy. This suggests that there is a genetic difference between males and females and hence formula for one sex cannot be applied for the other while estimating the stature.
Standard error of estimate (SEE) is a good parameter to show the relation between real value and estimated value and to assess the accuracy of the simple regression equations using single parameter, the SEE was the lowest for arm length measurements in both sexes (SEE = ± 2.24 for males; SEE = ± 2.30 for females). So, the arm length was found to be more predictive than other upper limb measurements. This is in agreement with several previous studies had found that all proximal limb bones are better predictors than distal limb bones [30, 37] . On the other hand, a study on Turkish males revealed that forearm length was found to be a better predictor than upper arm length [34] . The results obtained in this study for arm length are more predictive than that found by Ahmed [4] (SEE = ±4.40 cm for males; 4.48 cm for females) and Ozaslan et al. [34] (SEE = ± 4.88 cm for males; 5.93 cm for females). Krishan and Sharma, [10] (SEE = ± 5.17 cm for males; 3.82 cm for females), Agnihotri et al. [15] (SEE = ± 4.96 cm for males; 4.23 cm for females), Ishak et al. [31] (SEE = ± 4.74 cm for males; 5.10 cm for females), Habib and Kamal, [29] (SEE = ± 5.48 cm for males; 4.54 cm for females), and Ozaslan et al. [34] (SEE = ±5.62 cm for males; 6.06 cm for females). The variation in observations can be attributed to the population and ethnic differences between the Egyptian population and the other populations in earlier studies.
Regarding the multiple regression equations developed for the upper limb dimensions, this study demonstrated a higher degree of prediction accuracy, as indicated by a lower SEE (± 2.39-2.45 cm for males and females, respectively) and higher R 2 ( 0.665-0.584 for males and females, respectively) as compared with the developed estimate models utilizing different variables separately in simple linear regression for males and females except that of arm length which is ± 2.24 for males and ± 2.30 for females indicated that the multiple regression equations are better indicators of stature estimation. Krishan and Sharma [10] , Habib and Kamal [29] , and Abdel-Malek et al. [32] demonstrated increases in prediction accuracy when using multiple variables. At the same time, Rastogi et al. [11] suggested that when predicting stature, multiple regression equations give more accurate results. Furthermore, Ahmed [4] stated that when hand measurements were combined to develop a multiple regression models, the calculated SEE was ± 4.45 cm in males and 5 cm in females, which is comparable to the developed simple linear models for hand length (± 5.1 cm for males and 4.53 in females) and hand breadth (± 5.85 cm in males and 5.19 cm in females) [4] . On the other hand, Ishak et al. [31] demonstrated an equivalent degree of prediction accuracy (± 4.74 cm) in multiple regression models compared to the simple linear models.
CONCLUSION
Estimation of stature from limbs or dismembered body parts is of great importance to forensic experts and anthropologists. In the present research, there is a strong relationship between stature and upper limb measurements. Eight regression equations derived can be used accurately to estimate the stature from upper limb measurements in the adult Egyptian population. No significant difference between measured and estimated stature from upper limb measurements were found. The obtained equations are specific to the adult Egyptian population; therefore, application of these by the other populations might result in incorrect results. It is hoped that the equation formulae would help in forensic identification when only some remains of the body are found. In addition to the medico-legal implications of this study; it may be useful for the clinician in plastic and reconstructive surgery, anatomists, archeologists, and anthropologist. Further researches on the Egyptian population with different age groups are recommended.
